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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]In RP #94 meeting, a revised WI about MU-SIM was approved [1].
	· Specify that existing gap patterns in TS 38.133 can be applicable for MUSIM and also define new gap patterns for MUSIM [RAN4]:


As mentioned in the agreed LS in last meeting, the following new gap patterns will be introduced in RAN4.
	· Scenario 1: Periodic switching, including SSB detection/paging reception, serving cell measurement, neighbouring cell measurement including intra-frequency, inter-frequency and inter-RAT measurement
· Regarding serving cell measurement, neighbor cell measurements including intra-frequency, inter-frequency and inter-RAT measurements, RAN4 concluded that the legacy gap patterns can fulfill this task, but with low efficiency in some scenarios.
· Regarding SSB for AGC and paging reception, RAN4 has the following conclusions:
· A legacy measurement gap patterns can be used, but with low efficiency. 
· Additional gap patterns can be used for paging reception with/without SSB for AGC. These gap patterns could be a new measurement gap patterns whose measurement gap length (MGL) can be the same as legacy MGL, but with longer MGRP equal to network B DRX cycles like {320, 640, 1280, 2560} in RRC IDLE mode.


In this contribution, we will discuss the gap patterns for MUSIM.
2 New gap pattern design
In MU-SIM devices, UE will request the gaps to switch to NW B while having on-going traffic in NW A. As discussed in last RAN4 meeting, the new measurement gap pattern (MGP) whose MGRP equals DRX cycle{320, 640, 1280, 2560}ms will be introduced.
In legacy MGP, the typical measurement gap length (MGL) is 6ms which can cover twice RF retuning and the whole SMTC duration for measurement. From our understanding, MGL=6ms can also applied with the new MGRP for measurement in Idle mode. Furthermore, in NR paging design, an additional AGC retuning is needed before UE wakes up for PO monitoring after a long DRX cycle. The time proximity between SSB and related PO is uncertain depending on different SSB and PO multiplexing pattern, default/non-default association between SSB and PO, and SSB index indication(ssb-position-in-burst). If the time proximity of SSB occasion and PO is larger than a threshold T, two independent gaps with MGL=6ms are preferred. Otherwise, one single gap with long MGL is preferred. Considering the gap overhead ratio is lower due to long MGRP for MUSIM measurements, both the MGL equaling 10ms and 20ms can be applied. Therefore, the new MGPs with MGL = {6, 10, 20}ms with MGRP = {320, 640, 1280, 2560}ms can be introduced.
In legacy NR, total 25 MGPs are defined. To reduce the design complexity for UE side, mandatory MGPs are defined. UE only needs to support the subset of the MGPs mandatorily and whether UE supports other MGPs will be reported by capability. The mandatory MGPs is also useful to network scheduling. Especially, when different UE vendors may support different combination of MGPs, it’s very hard for network to schedule different MGPs to different UEs. It also implies that network had to implement all the possible MGPs which will result in an overdesign for network. Therefore, similar as legacy MGP design, a sub-set of mandatory MGPs shall be supported by UE once UE reports to support MUSIM. From NW A’s perspective, the density of gaps for NW B shall have less interruption to on-going NW A’s traffic. When UE requests the gaps, a reasonable gap periodicity is preferred. From our understanding, 1.28s is a typical DRX cycle which is applied in real deployment. Thus, we propose to define MGRP=1.28s as a mandatory MGP.   
[bookmark: _Ref91888683]Proposal 1: RAN4 to introduce the mandatory MGPs for MU-SIM once UE reporting to support MUSIM capability, such as MGRP = 1280ms.
[bookmark: _Ref91888687]Proposal 2: UE can further report the optional MGPs for MU-SIM except the mandatory MUSIM MGPs.
In addition, except the new periodic MGPs, some aperiodic MGPs shall also be introduced[3].
[bookmark: _Ref91888678]Proposal 3: RAN4 to introduce the new MGPs table for MUSIM as follow.
Table 1. MU-SIM Specific Gap Pattern Configurations
	MU-SIM Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period (MGRP, ms)

	0
	6
	320

	1
	6
	640

	2
	6
	1280

	3
	6
	2560

	4
	10
	320

	5
	10
	640

	6
	10
	1280

	7
	10
	2560

	8
	[bookmark: _Hlk91175055]20
	320

	9
	20
	640

	10
	20
	1280

	11
	20
	2560

	12
	6
	NA

	13
	10
	NA

	14
	20
	NA

	Note 1: Measurement gap pattern #12, #13 and #14 are the aperiodic gap patterns without MGRP.



3 Applicability for MUSIM
The existing MGPs have a short MGRP because the existing MGPs’ design focus on the measurements in CONNECTED mode for network A. As discussed in last meeting, the performance degradation for network A will be observed once network A configures the existing MGP for MUSIM. 
[bookmark: _Ref91888826][bookmark: _Ref91888691]Proposal 4: The legacy MGPs can be used for MUSIM measurements, but with lower efficiency.
Gap sharing
In last meeting, some companies suggest using one single existing MGPs to measure both L3 measurement for network A and MUSIM measurement for network B. However, the timing difference between network A and network B is uncertain and it’s very hard for network A to adjust the timing to align with network B since two networks may belong to different operators. Therefore, the measurement gap configured for network A’s measurement may not include the SMTC for network B.
[bookmark: _Ref91888830]Observation 1: The measurement gap configured for network A’s measurements may not be applied for MUSIM due to uncertain timing difference between different networks.
Another important aspect is the CSSF calculation. CSSF within gap is calculated based on the number of MOs which performs the measurement with gap. However, once the gap will also be reused for MUSIM measurements, network A doesn’t know how many MOs will be measured in the gap or even PO/SI will be sharing the gap. Therefore, network A won’t know the CSSF and the accurate measurement delay for each MO for network A’s mobility.  
[bookmark: _Ref91888833]Observation 2: It’s very hard for network A to evaluate the measurement delay for the MOs within gap once the gap will be shared with MUSIM measurement.
The gap for MUSIM is mainly to maintain the connection with network B which is a best effort behaviour for UE in network A’s CONNECTED mode. From our understanding, the MUSIM gap shall not impact the gap configuration and measurement delay for network A when MUSIM gap is introduced. However, dropping some important procedures for network B may not permitted or have severe impact on MUSIM KPI, for example, the paging monitoring for network B. Therefore, RAN4 shall discuss the colliding issue when MUSIM gap colliding with network A’s measurements. In Rel-17, considering the tight schedule, it’s preferred to only consider the scenario without overlapping between MUSIM gap with network A’s measurement. When UE requests the MGs for MUSIM purpose, UE needs to avoid the possible overlapping with legacy measurement gap configured for network A’s mobility.  
[bookmark: _Ref91888694]Proposal 5: Sharing the gap between network A’s mobility measurements and the MUSIM measurements is precluded.
Concurrent gaps
In current Rel-17, concurrent gaps discussion is on-going. The MUSIM gap can also be believed as one kind of usage for measurement gap within the concurrent gap. In future release, MUSIM gaps may be believed as a type of gap in concurrent gaps. Therefore, RAN4 may revisit all the related agreements for concurrent gaps for MUSIM gap.
[bookmark: _Ref91888701]Proposal 6: RAN4 may revisit the related agreements in concurrent gaps for MUSIM gaps in future release.
CSSF
In concurrent gaps, the agreements for CSSF are as follow. From our understanding, this agreement is also valid for MUSIM. In current CSSF design, the MOs with periodicity >160ms will apply CSSF=1 because the periodicity is too large compared with other MOs. However, the typical periodicity for MOs measurement or POs monitoring or SIs acquisition in MUSIM is based on DRX cycle which is always longer than 160ms. Therefore, the CSSF design shall be revisited for MUSIM measurement.
	Issue 2-5-2: CSSF calculation
· Agreement
· CSSF should be calculated separately for each gap and only the frequency layers sharing this gap should be counted in 
· Note: how to deal with overlapping concurrent MGs is up to Sub-topic 2-3


[bookmark: _Ref84619551]Proposal 7: RAN4 needs to revisit the CSSF design for MUSIM in future release.
4 Conclusion
In the contribution, we discuss the gap pattens and applicable for MU-SIM gaps. We have the following proposals:
Observation 1: The measurement gap configured for network A’s measurements may not be applied for MUSIM due to uncertain timing difference between different networks.
Observation 2: It’s very hard for network A to evaluate the measurement delay for the MOs within gap once the gap will be shared with MUSIM measurement.
Proposal 1: RAN4 to introduce the mandatory MGPs for MU-SIM once UE reporting to support MUSIM capability, such as MGRP = 1280ms.
Proposal 2: UE can further report the optional MGPs for MU-SIM except the mandatory MUSIM MGPs.
Proposal 3: RAN4 to introduce the new MGPs table for MUSIM as follow.
Table 1. MU-SIM Specific Gap Pattern Configurations
	MU-SIM Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period (MGRP, ms)

	0
	6
	320

	1
	6
	640

	2
	6
	1280

	3
	6
	2560

	4
	10
	320

	5
	10
	640

	6
	10
	1280

	7
	10
	2560

	8
	20
	320

	9
	20
	640

	10
	20
	1280

	11
	20
	2560

	12
	6
	NA

	13
	10
	NA

	14
	20
	NA

	Note 1: Measurement gap pattern #12, #13 and #14 are the aperiodic gap patterns without MGRP.



Proposal 4: The legacy MGPs can be used for MUSIM measurements, but with lower efficiency.
Proposal 5: Sharing the gap between network A’s mobility measurements and the MUSIM measurements is precluded.
Proposal 6: RAN4 may revisit the related agreements in concurrent gaps for MUSIM gaps in future release.
Proposal 7: RAN4 needs to revisit the CSSF design for MUSIM in future release.
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